Complement represents a chief component of innate immunity in host defense. However, excessive complement activation has been involved in the pathogenesis of inflammatory diseases. In this study, we investigated the contribution of complement to intestinal pathology of patients and rodents with inflammatory bowel disease. The expression of complement effectors (C3a and C3) was increased remarkably in inflamed colons of IBD patients compared with those of normal counterparts. In accordance with this, the sustained activation of complement in serum and colon (including elevated C3a and C5a levels, enhanced hemolytic activity, downregulated expression of C5a receptors) was observed, following the establishment of 2,4,6-trinitrobenzene sulfonic acid (TNBS)-induced colitis, which peaked at 24 h. Mice pretreated with neutralizing anti-C5a antibodies (À2, 0, and 2 days after TNBS instillation) had significantly reduced weight loss and improved macroscopic/microscopic scores, comparable to the efficacy of prednisolone treatment. Strikingly, treatment with anti-C5a at 24 h after TNBS instillation showed remarkable therapeutic effects, whereas prednisolone did not. The efficacy of anti-C5a administration was associated with decreased release of proinflammatory chemokines and cytokines, inhibition of infiltration of neutrophils into colons, and enhanced Th2 response. These findings suggest a disease-promoting role of complement, particular C5a, in the pathology of TNBS-induced colitis in mice, indicating possible therapeutic potentials for C5a-specific antibody in IBD. The inflammatory bowel diseases (IBDs) encompassing Crohn's disease (CD) and ulcerative colitis (UC) are chronic inflammatory disorders of gastrointestinal tract, characterized by dysfunction of mucosal T cells, abnormal cytokine production, cellular inflammation, and ultimately damage to the intestinal lining.
The inflammatory bowel diseases (IBDs) encompassing Crohn's disease (CD) and ulcerative colitis (UC) are chronic inflammatory disorders of gastrointestinal tract, characterized by dysfunction of mucosal T cells, abnormal cytokine production, cellular inflammation, and ultimately damage to the intestinal lining. 1 Although the etiology of IBD remains unknown, there is circumstantial evidence to link IBD to the mucosal immune system's failure to attenuate immunity to endogenous antigen. 1 In recent years, several animal IBD models have been developed. 2, 3 Although the relationship of many of these models to human disease is imperfect, the hapten-induced model of colonic inflammation in which 2,4,6-trinitrobenzene sulfonic acid (TNBS) is delivered intrarectally to BALB/c mice displays human CD-like features, notably predominantly IL-12-driving Th1 activity of the mucosal CD4 þ T-cell population and transmural mononuclear inflammation. 3 More recently, a pathogenic role of IL-23, the cytokine sharing p40 subunits with IL-12, has been evidenced in the development of CD. 4 Deficiency of IL-23-specific subunits (p19) leads to failure of colitis induction in a T-cell transfer model. This effect is attributed to suppression of IL-17 production and Th17 differentiation in the colons. 5 The factors that initiate intestinal pathology of CD and elicit Th1/Th17 immune reaction, however, are still elusive. Uncontrolled innate immune response to microflora is thought to be important for the initiation of intestinal inflammation. 6, 7 As a component of innate immunity, alteration of several toll-like receptor (TLR) expression has been found in IBD 8 and specific mutations of the NOD2 (a family of intracellular bacterial sensors) gene have been definitely associated with increased susceptibility to CD. 9 Complement is another arm of innate immune system having a role in host defenses against invading pathogens and in clearance of potentially damaging cell debris. It consists of more than 30 plasma proteins and glycoproteins, as well as soluble or membrane-bound receptors. Activation of the complement system leads to generation of complement protein split products, especially anaphylatoxins C3a and C5a. 10 Although having a defensive role in physiological conditions, these components have recently been implicated in the pathogenesis of many inflammatory and immunological diseases.
11 -16 These activation products are not necessarily the initiating factors in the inflammatory disorders, they appear to be responsible for promoting and perpetuating inflammatory reactions. Among the complement activation products, C5a is one of the most potent inflammatory peptides, with a broad spectrum of functions. C5a is a strong chemoattractant for neutrophils and also has chemotactic activity for monocytes and macrophages. 17 Recently, C5a has been shown to be involved in modulation of cytokine expression from various cell types. 18, 19 C5a exerts its effects through the high-affinity receptors, mainly CD88 (C5aR). C5aR expression was not only described on myeloid cells, including neutrophils and macrophages, but also found on a variety of nonmyeloid cells in many organs, [20] [21] [22] which suggests the implication of C5a/C5aR signaling in the pathogenesis of organ-specific inflammation.
The representation of components of the complement system is limited under normal conditions in the gastrointestinal tract. Both direct and indirect effects of complement activation have been implicated as having roles in tissue injury associated with inflammatory diseases of gastrointestinal tract. 23, 24 However, the contribution of complement activation products, especially C5a, to pathology of colitis remains largely unknown. In this study, complement activation in IBD patients and colitic mice was detected and the role of complement activation products C5a in IBD pathogenesis was investigated using neutralizing antibody to C5a. We found intensive and sustained activation of complement in periphery and local tissues of IBD patients and colitic mice. Blockade of C5a using a specific antibody have preventive and therapeutic effects on TNBS-induced colitis, which was associated with recovery of immune homeostasis in the colons after anti-C5a treatment.
MATERIALS AND METHODS Collection of Human Tissues
Normal intestinal mucosa was obtained from macroscopically and microscopically unaffected areas of patients with colon cancer. Intestinal mucosa was also obtained from surgically resected specimens from patients with UC or CD, diagnosed on the basis of clinical, radiographic, endoscopic, and histological findings according to established criteria. All experiments were performed strictly according to the institutional guidelines of General Hospital of PLA with prior informed consent of the patients. These procedures and animal experiments were also approved by the ethical committee of Institute of Basic Medical Sciences.
Mice and Induction of Colitis
Inbred male BALB/c mice aged 6-8 weeks were housed under standard conditions and supplied with drinking water and food ad libitum. Colitis was induced by rectal administration of 3 mg of 2,4,6-trinitrobenzene sulfonic acid (TNBS; Sigma Chemical, St Louis, MO, USA) in 50% ethanol, using a vinyl catheter positioned 3.5 cm proximal to the anus. During the procedure, mice were anaesthetized using ether. After instillation, animals were kept vertically for 30 s. Control mice underwent identical procedures, but were instilled with ethanol 50% dissolved in phosphate-buffered saline (PBS). In some experiments, as previously described, 25, 26 mice were sensitized with 3 mg TNBS in 50% ethanol by skin painting on day 1. On day 8, TNBS at the same dose was administrated intrarectally. All studies were performed under the approval of the Institute's Ethics Committee and are in agreement with the guidelines for the proper use of animals in biomedical research. At the end of the experiments, mice were killed by cervical dislocation under anesthesia.
Preparation of Polyclonal Anti-Mouse C5a Antibody
Rabbit polyclonal antibodies against mouse C5a were prepared as described previously in our study. 27 In brief, carboxyl-terminal peptide CTIANKIRKESPHKPVQLGR was selected for development of KLH conjugates and immunization of rabbits. After several immunizations, the antibodies were affinity-purified from serum. Their specificity to C5a was identified by immunosorbent assays (Supplementary Figure 1A) . The biological activity of polyclonal antibody, for example, blocking upregulation of CD11b expression by leukocytes after C5a stimulation (Supplementary Figure 1B) and inhibition of enhanced KC expression (Supplementary Figure 1C) by leukocytes after synergistic stimulation with LPS and C5a were also confirmed.
Anti-C5a Antibody Treatment
Mice were treated with polyclonal anti-mouse C5a antibodies or rabbit IgG intraperitoneally À2, 0, 2 days after rectal challenge at the dose of 400 mg/mouse, respectively. To assess the therapeutic effects, in some experiments anti-C5a antibody was administrated 1 and 3 days after TNBS challenge at the same dose of 400 or 20 mg/mouse, respectively. In addition, as positive controls, prednisolone was administrated intraperitoneally at the dose of 1 mg/kg on the same intervals. 
Hemolytic Complement Assay
Mouse plasma, pooled at different time points after TNBS instillation, was serially diluted in TBS (75 g/l NaCl, 177 ml/l 1N HCl, 28 ml/l Triethanolamine, 1.2 ml/l 1.25 M CaCl 2 , 1.2 ml/l 4.16 M MgCl 2 ) and incubated with 0.5 ml sensitized sheep red blood cells at 371C for 60 min. The complement reaction was stopped by adding ice-cold TBS followed by a centrifugation step (2500 g, 5 min). The dilution causing lysis of sheep red blood cells was determined by measuring absorbance of the supernatant (at 450 nm).
Lymphocyte and Lamina Propria Mononuclear Cell Preparation
At 4 days after TNBS instillation, lymphocytes were isolated from mesenteric lymph nodes by passing them through nylon mesh and were suspended in RPMI 1640 medium, which was supplemented with 10% fetal calf serum. Lamina propria mononuclear cells (LPMCs) were isolated from lamina propria using a modified technique of Van der Heijden and Stock. 28 The resultant LPMCs were plated on a plastic surface for separation into adherent and nonadherent cell populations. Nonadherent cells were further enriched by negative selection using mouse CD4-negative isolation microbeads (Miltenyi Biotec). The resultant cell populations were shown by flow cytometry to contain 490% CD4 þ T cells. The cells were seeded in 96-well plate in triplicate (4 Â 10 5 cells/well) with the cocktail of anti-CD3 (1 mg/ml; eBioscience) and anti-CD28 (2 mg/ml; eBioscience). At 72 h after incubation, the supernatants were collected for ELISA analysis.
Flow Cytometry
Antibodies used for flow cytometry analysis are as follows: FITC-labeled anti-murine IFN-g (XMG1.2) is purchased from Biolegend (USA). FITC-labeled anti-murine CD11b (M1/70) and PE-labeled anti-murine IL-17 (TC11-18H10.1) are purchased from BD Pharmingen. PE-labeled anti-murine CD88 (20/70) is purchased from Abcam (USA). For intracellular staining, cells were stimulated with a cocktail of 50 ng/ml PMA, 1 mg/ml inomycin, and 1 mg/ml brefeldin A (all from Sigma) for 4 h. Thereafter, these cells were fixed, permeabilized with Fix & Perm cell permeabilization kit (eBiosciences), and stained with Abs specific to intracellular cytokines. For the detection of CD88 expression, whole blood was treated with fluorescence-activated cell sorting lysing solution (BD Biosciences) to eliminate red blood cells after staining. Data collection and analysis were performed on a fluorescence-activated cell sorting Calibur flow cytometry using CellQuest software (Becton Dickinson, USA).
Measurement of Myeloperoxidase Activity
Tissue myeloperoxidase (MPO) activity was determined by a standard enzymatic procedure as described previously, 29 with minor modifications. Briefly, after the samples have been weighed, a tissue sample (approximately 300 mg) was homogenized in a buffer (0.5% hexadecyltrimethylammonium bromide in 50 Mm potassium phosphate buffer, pH 6.0) three times for 30 s each on ice. The sample was centrifuged at 20 000 g for 20 min at 4 1C and the supernatant was collected. The supernatants (100 ml) were then added to 2.9 ml of 50 mM phosphate buffer (pH 6.0) containing 0.167 mg/ml O-dianisidine hydrochloride and 0.0005% hydrogen peroxide, and absorbances were measured using a spectrometer at 251C. Results for colon MPO content were converted to absorbance units per gram of tissue.
Histological Assessment of Tissues
Colons removed from mice at indicated times of death were fixed in 10% neutral-buffered formalin solution and then embedded in paraffin, cut into tissue sections, and stained with hematoxylin and eosin. Stained sections were examined for evidence of colitis using as criteria: the presence of lymphocyte infiltration, elongation and/or distortion of crypts frank ulceration, and thickening of the bowel wall. The degree of inflammation on microscopic cross-sections of the colon was graded semiquantitatively from 0 to 4 (0, no evidence of inflammation; 1, low level of lymphocyte infiltration with infiltration seen in o10% high-power field (hpf), no structural changes observed; 2, moderate lymphocyte infiltration with infiltration seen in 10-25% hpf, crypt elongation, bowel wall thickening that does not extend beyond mucosal layer, no evidence of ulceration; 3, high level of lymphocyte infiltration with infiltration seen in 25-50% hpf, high vascular density, thickening of bowel wall that extends beyond mucosal layer; and 4, marked degree of lymphocyte infiltration with infiltration seen in 450% hpf, Anti-C5a attenuates intestinal damage G Chen et al high vascular density, crypt elongation with distortion, transmural bowel wall thickening with ulceration).
Immunohistochemistry for Polymorphonuclear Cell Infiltration
Paraffin-embedded sections were processed conventionally and stained with rat anti-mouse Gr-1 mAb (1:50, eBiosciences) or anti-F4/80 (1:100, Serotec, USA) for 1 h at room temperature. After washing with TBS, the sections were incubated with Horseradish peroxidase (HRP)-conjugated secondary antibody (Dako, USA) for 30 min. Diaminobenzidine (DAB) substrate reagents were used for detecting positive cells. Counterstaining was performed for 1 min in hematoxylin.
Quantitative Real-Time Transcription-PCR RNA was isolated from intestinal tissue samples preserved in RNAlater (QIAGEN, USA), using the RNAeasy Mini Kit (QIAGEN). Complementary DNAs were synthesized with a Quantitect Reverse Transcription Kit (QIAGEN) according to the manufacturer's instructions. Quantitative real-time PCR was performed using TaqMan PCR master mix (Applied Biosystems) and a VIC-labeled probe for b-actin, together with FAM-labeled probes for human C3, C5, mouse C3, and C5 and KC obtained from Assays On Demand (Applied Biosystems) in a DNA Engine Opticon 2 System (MJ Research). The relative mRNA expression level of each molecule (in arbitrary units (AU)) was calculated by dividing the expression level by the average level in control samples after normalization to the corresponding b-actin mRNA level.
Data Analysis
Statistical analyses were performed using the student's t-test or one-way analysis of variance. A value of Po0.05 was considered significant.
RESULTS

Complement Activation in the Inflamed Colon Tissues of IBD Patients
Abnormal complement activity is thought to be important in IBD pathology, 23 however, there is limited evidence for this. To investigate the relationships between complement activation and intestinal inflammation, the intestinal tissue samples of UC (n ¼ 15) and CD (n ¼ 10) patients were collected. Meanwhile, for the purpose to exactly define the contribution of complement activation to intestinal pathology, the intestinal tissues without signs of inflammation identified by macroscopic and microscopic examination (data not shown), in patients with colon cancer (n ¼ 8), were used as controls. As complement-activated products C3a, C5a are key proinflammatory factors involving enormous inflammatory diseases, their contents in the colon were detected. C3a expression was significantly increased in the inflamed tissues from UC or CD patients (Figure 1a ), compared with that in the controls. Furthermore, C3a production in inflamed samples of CD patients was higher than that in UC counterparts, indicating an intimate implication of complement activation in CD pathogenesis. This increase in C3a protein level appeared to result from enhanced expression of C3 in mRNA level (Figure 1c) . Interestingly, despite no statistic difference, C5a contents in the inflamed samples from UC or CD patients ( Figure 1b) were lower than controls. This may be because of binding of C5a to its receptor C5aR, leading to internalization of the complex. 30 To address this, C5 mRNA expression was detected. C5 mRNA levels were elevated significantly in inflamed samples of IBD patients (Figure 1d ). C3a and C5a are well known to serve as anaphylatoxins with their ability to regulate the expression of proinflammatory mediators such as IL-6 and IL-8. 31, 32 Thus, the production of these cytokines in local tissues involving intestinal pathology was detected. Inflamed tissues contained much higher amounts of IL-6 ( Figure 1e ) and IL-8 ( Figure 1f ) compared with that of controls.
Complement Activation in TNBS-Induced Colitis
To further uncover the contribution of complement activation to IBD pathology, TNBS-induced colitis model was used. First, the levels of C3a and C5a in plasma at different time points after TNBS administration were examined. The results showed that C5a production increased rapidly after colitis to the level comparable to that of controls. As interaction between C5a and C5aR easily leads to internalization of the receptor, 33 the drop of C5a level may be due to this effect. To address this, C5aR expression on the surface of peripheral blood leukocytes at the same time point was detected. The result showed that C5aR (CD88) expression on the surface of peripheral blood leukocytes was much lower than controls at this time point (Figure 2c) . Furthermore, given that terminal products of complement activation, C5b-9, function as membrane-attacked complex to kill target cells, 34 hemolytic activity of C5b-9-containing plasma from colitic mice or controls was examined. The results of enhanced hemolytic capacity of plasma from colitic mice at 2 (Figure 2d ) and 4 h (Figure 2e ) after TNBS instillation further underscored excessive complement activation after colitis induction. Although plasma C3a levels were detected, augmented production of C3a in periphery was not observed after colitis induction (Figure 2b ). Overall, these data suggest the occurrence of systemic complement activation at the early phase after colitis induction.
Next, to further define the involvement of complement activation in colitis pathology, we focus on the production of complement C5a, C3a in the intestinal tissues. Sustained and intensive activation of complement in target tissues was found by showing enhanced expression of complementactivated products after TNBS instillation, especially C3a (Figure 2f) . In contrast to a rapid drop of plasma C5a contents to baselines at 4 h, prolonged activation of complement in intestinal tissues was identified by high production of intestinal C5a, which was still seen at 24 h after colitis induction (Figure 2g ). Intestinal complement activation was partially due to enhanced synthesis of C3 (Figure 2h ) and C5 (Figure 2i) .
One may consider that the quick complement activation simply reflects a basic immune reaction against TNBS rather than the fundamental mechanism of IBD, as TNBS is a wellknown immunogenic hapten. To rule out the possibility, TNBS was administrated into skin on day 1, followed by rectal instillation on day 8. The plasma and supernatants of colon homogenates were collected at 2 h and 1 day after TNBS administration into skin alone or combined with rectal instillation, respectively. The results showed that, TNBS administration into skin and colon led to high levels of C5a production in the plasma at 2 h after TNBS, whereas TNBS administration into skin alone had no effects (Supplementary Figure 2A) . In agreement with the result in Figure 2a , plasma C5a level dropped to the baseline on day 1 after combined administration of TNBS into skin and colon (Supplementary Figure 2A ). Significant upregulation of C5a level in the colon was observed at 2 h and 1 day after combined administration of TNBS into skin and colon (Supplementary Figure 2B) . These data further underscored intimate correlation of C5a production with IBD pathogenesis, which may precipitate intestinal inflammatory responses and ultimately colitis manifestation. Hemolytic activity of plasma from ethanol (n ¼ 3) or TNBS-instilled mice at (n ¼ 6) 2 (d) and 4 h (e) after colitis induction was detected. At indicated time points after TNBS instillation, colons were homogenated and supernatants were prepared for detection of C3a (f) and C5a (g) protein levels. Each group consisted of 10-14 mice. C3 (h) and C5 (i) mRNA expression in the colons at 4 and 24 h following ethanol (n ¼ 4) or TNBS instillation (n ¼ 5) was quantified by real-time RT-PCR. **Po0.01.
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Anti-C5a Antibody Treatment has Preventive and Therapeutic Effects on TNBS-Induced Colitis
To investigate whether blockade of C5a activity affected the course of TNBS colitis, we injected mice with polyclonal antibody to C5a before or after colitis induction. Animals that received TNBS in association with control IgG experienced severe weight loss (Figure 3a) . In contrast, mice that received anti-C5a before rectal challenge had clearly less weight loss, which was comparable to that of prednisolone administration (Figure 3a) . Thus, the following study chose this regimen to evaluate the effects of anti-C5a treatment on macroscopic and microscopic manifestations of TNBS colitis. Importantly, injection of anti-C5a 24 h after TNBS instillation, at this time of systemic and local complement activation was observed, which resulted in improvement of clinical symptoms, including rescue of weight loss (Figure 3a) . Therapeutic effects of prednisolone in TNBS colitis were also addressed, however, no signs of improvement of colitis were seen (data not shown), indicating the potentials of anti-C5a in therapeutic application in clinic. Furthermore, to rule out the possibility that higher therapeutic effect of C5a antibody over prednisolone is because of higher dose used, the same dose of C5a antibody was administrated. The result showed that, at the dose of 1 mg/kg (eg, 20 mg/mouse), anti-C5a also exhibited therapeutic effects (Figure 3a) . The efficacy of anti-C5a therapy was directly reflected in the levels of macroscopic injury observed in that C5a-specific antibody-treated mice did not exhibit significant shortening and thickening of the colon (Figure 3b ). Consistent with these macroscopic changes, the control Ab-treated groups showed marked, transmural infiltration with inflammatory cells and injury with ulceration ( Figure 3c ). In contrast, mice treated with anti-C5a exhibited less severe histological features of colitis (Figure 3c) . When quantified by a histological system for evidence of inflammation and injury, these histological changes were highly significant (Figure 3d ). We also evaluated the histopathology of colons from colitic mice treated with anti-C5a or prednisolone. In agreement with the change of body weight, mice treated with anti-C5a had lower score of colitis, whereas treatment with prednisolone did not ameliorate severity of colitis (Supplementary Figure 3A) .
Anti-C5a Treatment Recovers Cytokine Homeostasis in Colonic Tissues of TNBS-Instilled Mice
To determine whether this anti-C5a-mediated protection from colitis was associated with alterations in cytokine (Figure 4f ). In addition, we examined the levels of these proinflammatory mediators in the colons from anti-C5a or prednisolone. Anti-C5a treatment on on-going disease diminished the production of these colitis-related factors, which coincided with less weight loss after anti-C5a therapy, whereas prednisolone had no effects (Supplementary Figure 3B) .
Blockade of C5a Activity Restrains Infiltration of Polymorphonuclear Cells into Intestinal Tissues
It is known that complement C5a is a potent chemoattractant for recruiting immune cells, such as neutrophil and macrophage, into the sites of inflammation. 35, 36 Thus, whether blocking C5a affects the recruitment of neutrophil/macrophages into inflamed colons, thereby dampens inflammatory responses was addressed. Because complement activation represents an early event during TNBS colitis as described above, colon tissues from anti-C5a-treated and control mice were isolated at 4 h, 24 h, and 4 days after colitis induction and neutrophil/macrophage infiltrates were examined. Numerous neutrophils (Gr-1 þ ) in intestinal mucosa were seen at 4 h following TNBS instillation (Figure 5a ). In contrast, anti-C5a blockade apparently diminished neutrophil infiltrates into colons, comparable to that of controls challenged rectally by ethanol (Figure 5a ). Similar results were obtained 24 h after colitis induction (Figure 5b ). When samples isolated at 4 days after TNBS instillation were examined, infiltration of neutrophils was not found in TNBS-instilled mice (Figure 5c ), indicating that neutrophil had a role in the early course of colitis development. Consistent with the histological data, MPO contents in the colons from anti-C5a-treated mice were much lower than that from isotype-treated colitis mice at 4 h, following TNBS challenge (Figure 5d ). These data indicate that blocking C5a reduces the number of neutrophil infiltrates, thereby attenuates intestinal inflammation. Interestingly, despite the presence of enormous inflammatory cell infiltrates, we did not find the signs of invasion of macrophages (F4/80 þ cells) into the sites of intestinal inflammation at 4 h (Figure 5a ), 24 h (Figure 5b ) or 4 days (Figure 5c ) after colitis induction.
Blockade of C5a Avtivity Inhibits Th1/Th17 Responses and Elicits Th2 Deviation
It is widely held that intestinal inflammation induced by TNBS in BALB/c strain is driven by the proinflammatory cytokine IL-12, which promotes the development of pathogenic Th1 CD4 þ effector cells. 3 Furthermore, Th17 cells, a novel helper T-cell lineage with characteristics of secreting IL-17, recently have been identified to participate in the pathogenesis of CD and TNBS colitis. 37, 38 To address whether blocking C5a contributes to downregulating Th1/Th17 responses, lymphocytes of mesenteric lymph nodes from different groups at 4 days after TNBS instillation were isolated and stimulated with anti-CD3/anti-CD28. We found that the induction of colitis apparently augmented Th1/Th17 responses (Figure 6a ), characterized by secreting large amounts of IFN-g and IL-17, respectively. When blocking C5a activity, this robust Th1/Th17 polarization was suppressed significantly (Figures  6a and b) , whereas enhancing Th2 response by producing IL-4 ( Figure 6b ). Furthermore, to define immune response in sites of inflammation, LPMCs were isolated and CD4 þ T cells were sorted. We found that CD4 þ T cells from colons of TNBS-instilled mice secreted large amounts of IFN-g and IL-17 (Figure 6c ). Anti-C5a treatment resulted in significant decrease of these two cytokine productions by CD4 þ T cells (Figure 6c) . We also detected the contents of these cytokines in the attacked tissues. The colons from anti-C5a-treated mice contained less amounts of IL-12, IFN-g, IL-17, and more IL-4 contents (Figure 6d ). These data revealed clearly that anti-C5a treatment led to the generation of innocuous Th2 bias by inhibiting harmful Th1/Th17 responses.
DISCUSSION
The representation of components of complement system during the course of mucosal damage has been described in several previous studies, [39] [40] [41] [42] but it is still limited. In the present study, we provide evidence that complement
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Gr-1 F4/80 Anti-C5a attenuates intestinal damage G Chen et al activation occurred during the initiation of colitis and at the effector phase. Systemic and local complement activation was found and local activation of complement is more lasting and intensive in TNBS colitis, indicating the intensity of complement activation reflects strong or weak inflammatory responses. The contribution of complement activation to colitis was also confirmed in another experimental model, dextran sulfate sodium (DSS)-induced colitis, showing that milder disease symptoms, less histological damage, and a lower expression of inflammatory mediators were observed in C5aR-deficient C57Bl/6 mice after DSS administration. 43 Although this study further demonstrated a disease-protective role of C5a/C5aR signaling in chronic DSS colitis, our study showed a significant increased production of complement products in affected tissues of UC and CD patients, suggesting that inhibition of complement activation represents a potential regimen for the treatment of IBD. Complement C5a, as terminal products of complement activation, is a potent chemoattractant for many immune cells, including neutrophil, macrophage, and dendritic cells (DC), which recruits them into the sites of inflammation and results in a cascade of release of inflammatory mediators that ultimately leads to tissue damage. Thus, targeting C5a or C5aR is becoming the potential means to treat inflammatory diseases involving complement activation. 44 Woodruff et al 45 obtained a human C5a receptor antagonist, which exhibited to be effective in a number of complement-related diseases, including IBD. However, to our knowledge, its application in the clinic is restrained, probably because of the toxicity, and is relatively compromised. Therefore, new kinds of agents targeting C5a are needed. Here, we identified the efficacy of antibodies to C5a on preventing from developing colitis. More importantly, the effectiveness of neutralizing anti-C5a antibody on treating on-going disease suggests its therapeutic potentials to IBD in the clinic. It is noteworthy that high level of C5a in sites of inflammation was seen at the early stage of colitis and its level declined to the baseline at the later stage as shown in Figures 1b and 2g . These results indicate that Anti-C5a attenuates intestinal damage G Chen et al anti-C5a therapy should be performed at the early phase. In addition, the efficacy of anti-C5a on DSS colitis was being evaluated. Anti-C5a showed similar therapeutic effects to that on TNBS colitis (unpublished observation). Notably, sustained high-level production of C3a in colons of TNBSinstilled mice and IBD patients allows us to postulate that treatment of antibody targeting C3a may be beneficial for blocking the development of colitis. Currently, this point is being evaluated in animal models of TNBS and DSS colitis. Consequently, anti-C3a exhibited therapeutic potentials at a certain extent (unpublished observation). Although both C3a and C5a are well-known anaphylatoxins, activity of C5a is much stronger than C3a. 10, 46 Thus, when applied to treat IBD, anti-C5a may be used before C3a antibody.
When the mechanisms responsible for the efficacy of antiC5a antibody on experimental colitis are to be investigated, we focused on its influence on inflammatory cytokine and chemokine release. Neutralizing C5a by antibody, indeed, reduced the production of numerous mediators in the targeted tissues, such as TNF-a. TNF-a is widely held as a key pathogenic factor for colitis pathogenesis in the clinic and experimental models. 47 Anti-C5a attenuates intestinal damage G Chen et al accounts for the therapeutic effects of anti-C5a. Strikingly, our results showed that anti-C5a treatment led to upregulation of IL-10 and TGF-b production in colons, indicating that the efficacy of anti-C5a therapy is also ascribed to enhanced immunomodulatory function of IL-10 and TGF-b. The details in this process need further investigation. In view of the potent capacity of C5a to recruit innate immune cells to the sites of inflammation, we investigated whether blocking C5a affects the immigration of immune cells into affected tissues. As a result, large amounts of neutrophils emerged in the colons with inflammation following the colitis induction and blockade of C5a activity significantly limited the entry of these cells into the target tissues. This is another reason that accounts for the therapeutic effects of anti-C5a, considering the fact that histopathological features of IBD lesions include the presence of a significant number of neutrophils within the lamina propria and the crypts, where they form microabscesses. 6 Anti-C5a treatment prevents from infiltration of neutrophils in the colon, thereby avoids the emergence of a series of events, including oxidative burst, phagocytosis, and inflammatory mediator release and so on. But the details need to further elucidation. Additionally, although macrophages have been shown to have a role in the pathogenesis of IBD in human and animals, 50, 51 we did not observe an obvious infiltration of these cells during TNBS colitis. The reason for this difference is unclear, but may represent a unique population of macrophages residing in the intestine, which negatively express some markers. 52 As the TNBS colitis model has been reported to be mediated by Th1 and/or Th17 cytokines, we further detected the change of Th1/Th17-specific cytokine expression after blocking C5a. TNBS administration elicited Th1/Th17 immune response in the intestinal tissues and blockade of C5a activity rendered the failure of this process. The data in this study suggest that increased C5a has the ability to push naïve T cells differentiate into Th1/Th17 effector cells, although inhibiting Th2 deviation. This concept is supported by our previous study that C5a could prompt DC to produce IL-23 and Th17 differentiation-related cytokines when binding to C5aR. 27 These modulated DC had the ability to differentiate naïve T cells into Th17 cells in vitro. Thus, similar effects of C5a on antigen-presenting cells in vivo during TNBS colitis are plausible. In addition, C5a may directly function on T cells, given that activated T cells are reported to express C5aR in a recent study. 53 Overall, the therapeutic effects of anti-C5a are attributable to downregulation of pathogenic Th1/Th17 responses and the generation of Th2 bias.
In summary, this study demonstrated a significant role for the complement activation product, C5a, in the pathogenesis of TNBS-induced colitis in human and mice. These findings should encourage the development of anti-complementbased therapies for human IBD. The potent therapeutic effects of the polyclonal anti-C5a antibody supports a possible role for the use of monoclonal antibody specific for human C5a in the treatment of IBD in humans.
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